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PROBLEM TO BE SOLVED: To provide a thin-film magnetic head, 
which is adaptable to high density and high frequencies and has 
superior recording and reproducing characteristics. 
SOLUTION: This thinHilm magnetic head 1 is equipped with a spiral 
thin-film coil formed by connecting an end part 10a of a thin film 10 
for a 2nd coil to an end part 5a protruding to the side of the upper 
layer core 8 of a thin film 5 for a 1 st coil and a flattened film 6 in 
which the surface opposite to the upper layer core is 8 flattened. 
This thin-film magnetic head is formed on the surface where the 
uppeMayer core 8 is flattened with an insulating film and since an 
amorphous material or fine crystal materials of high resistivity and 
high statd. magnetic flux density can be used for the material of the 
upper layer core 8 without causing deterioration in soft magnetic 
characteristics, superior recording and reproduction characteristics 
can be obtained for a magnetic head used for a high-density, high- 
frequency recording and reproducing system. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CbMMS 



[Claim(s)] 

[Claim 1] The lower layer core and the upper core which constitute a magnetic core, and the 1st thin film for coils 
formed between the above-mentioned lower layer core and the upper core so that an edge might upheave to the 
above-mentioned upper core side. The thin film coil which it consisted of the 2nd thin film for coils formed on the 
above-mentioned upper core, and the edge of the thin film for coils of the above 2nd was connected to the edge at 
which the thin film for coils of the above 1st upheaved, and was made into the shape of a screw type. The thin film 
magnetic head characterized by equipping the field which is formed between the thin film for coils of the above 1st. 
and the above-mentioned upper core, and counters the above-mentioned upper core with the insulator layer by 
which flattening was carried out. 

[Claim 2] It is the thin film magnetic head according to claim 1 characterized by considering as the configuration 
where that edge upheaved to the above-mentioned upper core side by forming the height in the both ends of the 
direction which met in the direction of a coil of the above-mentioned thin film coil, and forming the thin film for coils 
of the above 1st on the lower layer core by which this height was formed at the above-mentioned lower layer core. 
[Claim 3] The above-mentioned upper core and a lower layer core are the thin film magnetic head according to 
claim 1 characterized by consisting of an amorphous ingredient or a microcrystal ingredient. 
[Claim 4] The above-mentioned upper core is the thin film magnetic head according to claim 1 characterized by 
coming to carry out the laminating of a magnetic layer and the non-magnetic layer. 

[Claim 5] In manufacturing the thin film magnetic head equipped with the lower layer core and the upper core which 
constitute a magnetic core, and the thin film coil of the shape of a screw type around which the perimeter of the 
above-mentioned upper core was looped The process which forms the 1st thin film for coils which constitutes the 
above-mentioned thin film coil on the above-mentioned lower layer core so that the edge may upheave to the 
above-mentioned upper core side. The process at which the field which counters the above-mentioned upper core 
forms the insulator layer by which flattening was carried out on the lower layer core in which the above— mentioned 
thin film coil was formed. The process which forms the above-mentioned upper core on the above-mentioned 
insulator layer, and on the above-mentioned upper core The manufacture approach of the thin film magnetic head 
characterized by performing the process which forms the 2nd thin film for coils which constitutes a thin film coil 
with the thin film for coils of the above 1st so that the edge may be connected to the edge at which the thin film for 
coils of the above 1 st upheaved. 

[Claim 6] The manufacture approach of the thin film magnetic head according to claim 5 characterized by upheaving 
that edge to the above-mentioned upper core side by forming so that it may have a height to the both ends of the 
direction which met the above-mentioned lower layer core in the direction of a coil of the above-mentioned thin film 
coil, and forming the thin film for coils of the above 1 st on the lower layer core which has this height 
[Claim 7] The manufacture approach of the thin film magnetic head according to claim 5 characterized by using an 
amorphous ingredient or a microcrystal ingredient as an ingredient of the above-mentioned upper core and a lower 
layer core. 

[Claim 8] The manufacture approach of the thin film magnetic head according to claim 5 characterized by carrying 
out the laminating of a magnetic layer and the non-magnetic layer, and forming the above-mentioned upper core. 



[Translation done.] 



http://vvvw4Jpdl.ncipi.gojp/cgi-bin/tran^web_cgi.ejue?u=htt^ 2006/06/05 



JP.l 1-31 691 0,A [DETAILED DESCRIPTIONJ 



1/6 ^— V 



* NOTICES * 

JPO and NCI Pi are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Reld of the Invention] This invention relates to the thin film magnetic head by which thin film formation of the 
upper core and lower layer core which constitute a closed magnetic circuit, and the coil for excitation was carried 
out. respectively. 
[0002] 

[Description of the Prior Art] In the field of magnetic recording; the magnetic head recordable on a high coercive 
force medium by the RF as the magnetic head used for record is demanded as the densification of recording density 
and RF-ization of a record fr*equency progress. The thin film magnetic head which carries out thin film formation of 
a magnetic core or the coil is developed and used as the magnetic head in order to meet such a demand. Since this 
thin film magnetic head is manufactured by vacuum thin film coating technology, it has the description that detailed 
dimensionHzation of narrow-track-izing, narrow-gapHzing, etc. can be attained easily. For this reason, this thin film 
magnetic head can record or reproduce a signal with more short wavelength, and attracts attention as the magnetic 
head corresponding to the formation of high density record aiming at record of a video signal or reproductive high- 
definition-izing, and large-capacity-izing of storage capacity. 

[0003] Moreover, an examination using amorphous ingredients with larger specific resistance and saturation 
magnetic flux density than a magnetic material and microcrystal ingredients, such as a permalloy, as core materials 
of this thin film magnetic head is made. 

[0004] Usually, even if thickness is thick, the process using plating with easy narrow track processing is used for the 
formation process of the magnetic core of the thin film magnetic head. However, in order to use the thin film 
magnetic head for the hard disk of a narrow track, a magnetic film with a thickness of 3 to about 6 micrometers 
must be processed with high precision using dry processes, such as milling. In order to perform highly precise 
processing by the dry process, thickness of a magnetic film must be made thin, but if the magnetic film of a core is 
made thin, by the fall of the magnetic field generated from a fall and magnetic gap of the effectiveness as the 
magnetic head, it will become impossible to perform sufficient record and will become a problem practically. 
[0005] 

[Problem(s) to be Solved by the Invention] By the way, in the thin film magnetic head, in order to raise the 
effectiveness of the magnetic head, it is effective to make magnitude of a magnetic core as small as possible, and to 
shorten magnetic-path length. Moreover, by making magnitude of a magnetic core small in this way, an inductance 
falls and the RF property of the thin film magnetic head improves. 

[0006] However, when a magnetic core is made small, the area in which a thin film coil is formed in connection with 
this also becomes small, and there is a problem of causing the increment in coil resistance. Then, he also performs 
muitilayering of a coil to a miniaturization and' coincidence of a magnetic core, and is trying to avoid' the increment in 
coil resistance in this thin film magnetic head: If a coil is multiiayered, a big inclination will be generated into the part 
in which the coil was formed, and it must stop however, having to produce the upper core into the big part of this 
inclination. Acquiring sufficient soft magnetisrh cannot use an ingredient with large saturation magnetic flux density 
with the large and specific resistance difficult and mainly produced by the spatter, such as an amorphous ingredient 
and a microcrystal ingredient other than the ingredient by which the inclination was produced with plating in the 
large part. 

[0007] This invention is proposed in view of this conventional situation, can respond to high density and a RF, and 

aims at offering the thin film magnetic head which has outstanding record reproducing characteristics. 

[0008] 

[Means for Solving the Problem] this invention person sets to the thin film magnetic head, as a result of repeating 
research wholeheartedly that the purpose mentioned above should be attained. By miniaturizing a thin film coil as 
the shape of a screw type looped around the configuration of a thin film coil to the perimeter of the upper core, and 
forming the upper core to a flat field further It becomes possible to use high specific resistance, the amorphous 
ingredient of high saturation magrietic flux density, or a microcrystal ingredient without degradation of soft magnetic 
characteristics as an ingredient of a magnetic core, can respond to high density and a RF, and came to find out that 
the thin film magnetic head which has the outstanding recording characteristic is obtained. 
[0009] The lower layer core and the upper core which the thin film magnetic head concerning this invention is 
completed based on the above knowledge, and constitute a magnetic core. The 1 st thin film for coils formed 
between the lower layer core and the upper core so that an edge might upheave to the upper core side. The thin 
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film coil which it consisted of the 2nd thin film for coils formed on the upper core, and the -^gf °f ^« ^"d tt^^ "^^^ 
for coils was connected to the edge at which the 1 st thin film for co.ls upheaved, and was "^"±^^1^^!^^^ 
screw type. It is formed between the 1st thin film for coils, and the upper core, and the field wh.ch counters the 
uDoer core is characterized by having the insulator layer by which flattening was carried out :„^«„«„* 
[OOli] The miniaWation of a thin film coil is realized in this thin film magnetic head, wrthout caus.ng ^e .ncrement 
TccJl resfsterc^^ ^nce the thin film coll is made into the shape of a screw type. Moreover, .n th.s th.n 
3 J^^ce rtTf^r^^ed in the field where the upper core from which the field which counters the "PP^r co-^ 
equipped with L insulator layer by which flattening was carried out. and -"f^"^"/ /^^^^^^^^ 
becomes possible to use high specific resistance, the amorphous ingredient of high saturation '"f^n^*'^^"^^^? 
or a microcTstel ingredient without degradation of soft magnetic characteristics as an ingredient of a magnetic 

[Stl] Furthermore, in this thin film magnetic head, since a screw type-like thin film coil consists only of the 2nd 
Sfn i m S^ciTs connected to the edge at which the 1st thin film for coils with which the edge was fomied .n the 
u^ner core side bv upheaving and this 1 st thin film for coils upheaved, formation of a thin film co.l is easy^ 
?Kn Ld?t^^ in^^^^^ magnetic head, if a height is formed in the both ends of the direction which met in 

S^^iec^on oH of a thin film coil at the lower layer core and the 1st thin J-^''^^.^^^^^^ 
S/er core in which this height was formed, it will become easy to make the edge of the 1st thin film for coils into 

SSial M^et:? tZl::''Z'^^^.t^Z:^^^^^^ to come to carry out the upper core the laminating of 
LTi,et"1aZ and tL^^^^^^ 'aver- When the upper core consists of a layered product of a rnagne^c layer 

and a norl^minetic layer in this way. as for this thin film magnetic head, stabilization of a magnetic domain is 

Sou? Moreover the manufacture approach of the thin film magnetic head concerning this invention The lower layer 
l^^^^^^^^ are completed based on the knowledge mentioned above and constrtute a ma^ietic 

S™^^*e 1*3^ fiL for <»»s on Ih, a»p.r oor. .o th. ,<lg. n..y b. ooon.cttd to ft. .d,. at M 

SeXnt without degradation of soft magnetic characteristics as an ingredient of a magnetic core _ 

[^16 FurJS^^^^ since a screw type-like thin film coil is formed in the edge of the st film for c^^^ formed 

Tthe upper core side by upheaving by connecting the edge of the 2nd thin film for coils according to the 

Krfilm m^^^Sic head to'the both ends of the direction which met ^h^-^J^V- ^^^^^^ 
coil of a thin film coil, and has this height for the 1 st th.n film for coils - *=M=*** -f it is ."^"^Jff; 
easy to make the edge of the 1st thin film for coils into the configuration where it upheaved to the "PPer core side. 
K Moreover, in the manufacture approach of this thin film magnetic head, it is desirable canv out^!^^ 
am nating of a magnetic layer and the non-magnetic layer, and to form the upper ''^''^-.Thus. sUbibzat^ of ti^^^ 
mTi^SSc domain of the thin film magnetic head manufactured can be attained by carrying out the laminating of a 
magnetic layer and the non-magnetic layer, and forming the upper core. 

[^b^odiment of the Invention] Hereafter, the gestalt of operation of this invention is explained with reference to a 

rio20] The lower layer core 3 formed in substrate top 2 as the thin film magnetic head 1 concerning this invention 
was show; IrdLi^gJ and d^g_2 . The ,st thin film 5 for coils fo-ed th-ugh ^J^J^ ^-^^^^^^^ 
lower layer core 3. The flattening film 6 which carries out flattening of the top face '^f ' ^^^^ 

which it was formed in so that the 1st thin film 5 for coils might be covered, and the 1 st thin film 5 for coils was 
forced rhasTe gap film 7 formed on the flattening film 6. the upper core 8 formed on the gap fi'";^^. the 2n^^ 
Sim 10 for coils formed through the 2nd insulator layer 9 on the upper core 8. In addition. d!M_L is drawing 
SToidinrsecJ^^^^ oufthe cross section of the thin film magnetic head 1 ^^^^^^^^ 

^e direction which intersects perpendiculariy with medium sliding-surface la. and showing it in it. and drawing Z is 
^^wing ^ tenXinat section casing out the cross section of the thin film magnetic head 1 concerting this 
inu..ntion in the direction parallel to medium sliding-surface la. and showing it in it. 

r002T] I^ SirSiin film mastic head 1. the other end which the end sections by the side of that medium sl.ding- 
sur^aie la we^cIS^ed^^^^ the gap film 7. and the lower layer core 3 and the upper core 9 estranged from 
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medium sliding-surface 1 a is joined, and, the magnetic core is constituted. And the gap film 7 which intervenes 
between the end section by the side of medium sliding-surface 1 a of the lower layer core 3 and the end section by 
the side of medium sliding-surface la of thie upper core 8 acts as magnetic gap G. 

[0022] Moreover, in this thin film magnetic head 1, the edge and edge 10a of the 2nd thin film 10 for coils which 
upheave to the upper core 3 side of the 1st thin film 5 for coils are connected, and the screw typeHike thin film coil 
is constituted. 

[0023] As a substrate 2. the thing excellent in sliding properties, such as a nonmagnetic substrate of an 
aluminum203-TiC system and a nonmagnetic substrate of a CaO-T102-NiO system, and a wear property is used, 
for example. 

[0024] Moreover, after thin film formation of the metal magnetic material saturation magnetic flux density excelled 
[ magnetic material ] in soft magnetic characteristics highly is carried out by sputtering etc.. the both ends of a 
direction parallel to the medium sliding direction shown by the drawing 2 R>2 Nakaya mark A come to fabricate the 
lower layer core 3 at a concave in ** with height 3a by ion milling etc. 

[0025] As a metal magnetic material used for this lower layer core 3, microcrystal ingredients, such as amorphous 
alloys, such as Co-Nb-Zr, and Fe-aluminum-N which added the 3rd element when as required for iron as nitrogen, 
etc. are mentioned. Moreover, you may make it the lower layer core 3 form membranes with plating using 
ingredients, such as nickel45Fe55 alloy. Furthermore, in order to improve soft magnetic characteristics, you may 
make it use for the lower layer core 3 what added various kinds of alloying elements into the aboye-mentioned 
ingredient. 

[0026] The 1 st insulator layer 4 is for aiming at the electric insulation with the lower layer core 3 and the 1 st thin 
film 5 for coils,. as the ingredient, it is chemically [ aluminum 203, Si02 and Ti02, and Si3N4 grade ] stable, and what 
has a good insulating property, is used, for example. 

[0027] the conductor pattern of two or more articles with which the 1 st thin film 5 for coils consists of electrical 
conducting materials, such as. Cu, — predetermined spacing — consisting — the medium sliding direction A and 
abbreviation — it comes to carry out thin film formation in the parallel direction The conductor pattern of two or 
more of these articles is formed on the lower layer core 3 through the 1st insulator layer 4, and is made into the. 
condition that the both-ends 5a learned from height 3a of the lower layer core 5, and upheaved to the upper core 8 
side. 

[0028] It comes to fill up the flattening film 6 on the lower layer core 3 in which the 1st thin film 5 for coils was 
formed so that polymeric materials, such as a resist may cover the 1st thin film 5 for coils. This flattening film 6 is 
for absorbing the irregularity on the lower layer core 3 produced by having formed the 1 st thin film 5 for coils, and is 
made into the flat top face field while it aims at protection of the 1st thin film 5 for coils. 

[0029] Since the upper core 8 is made to be formed in the flat top face of this flattening film 6 through the gap film 
7, this thin film magnetic head . 1 becomes it is possible to form the upper core 8 by sputtering etc., and possible 
[ using high specific resistance, the amorphous ingredient of high saturation magnetic flux density, or a microcrystal 
ingredient without degradation of soft magnetic characteristics as an ingredient of the upper core 8 ]. 
[0030] Sputtering etc. comes to carry out thin film formation of the nonmagnetic non-conductive film of for 
example, aiuminum203 grade, the edge by the side of medium sliding-surface la intervenes between the lower layer 
core 3 and the upper core 8. and the gap film 7 acts as magnetic gap G. 

[0031] Sputtering etc. comes to carry out thin film formation of the metal magnetic material the saturation magnetic 
flux density which used the upper core 8 for the lower layer core 3 excelled [ magnetic material ] in soft magnetic 
characteristics highly. And the edge of the side estranged from medium sliding-surface 1 a is connected with the 
lower layer core 3 through the 1st connection hole 1 1 formed so that the gap film 7 and the 1st insulator layer 4 
might be divided, and this upper core 8 constitutes the magnetic core with the lower layer core 3. 
[0032] In addition, as for this upper core 8, it is [ the lay length LI parallel to the medium sliding direction A ] 
desirable that it is [ 3 micrometer or more ] tO micrometers or less. By setting lay length LI parallel to the medium 
sliding direction A of the upper core 8 to 3 micrometers or more, by being able to acquire the effectiveness of a 
magnetic core required as a recording head, and setting lay length LI parallel to the medium sliding direction A of 
the upper core 8 to 10 micrometers or less, the thin, film magnetic head 1 can control the increment in the 
resistance of a thin film coil, and can supply sufficient record current. Furthermore, the thin film coil 1 can aim at 
the faW of an inductance by setting lay length LI parallel to the medium sliding direction A of the upper core 8 to 3 
micrometers or more 10 micrometers or less. 

[0033] Moreover, as for the upper core 8. it is desirable for the lay length L2 which intersects perpendiculariy with 
the medium sliding direction A to be 50 micrometers or less. The thin film magnetic head 1 can acquire the 
effectiveness of a magnetic core required as a recording head by setting to 50 micrometers or less lay length L2 
which intersects perpendiculariy with the medium sliding direction A of the upper core 8. 
[0034] Moreover, as for thickness D of the upper core 8. it is desirable that it is [ 0.7 micrometer or more ] 3 
micrometers or less. The thin film magnetic head 1 can control eddy current loss, and can suppress degradation of 
the property in a RF while it can make precision of the width of recording track good by being able to acquire the 
effectiveness of a magnetic core required as a recording head, and setting thickness D of the upper core 8 to 3 
micrometers or less by setting thickness D of the upper core 8 to 0.7 micrometers or more. 
[0035] Moreover, as for the upper core 8, it is desirable to be divided in the thickness direction at two or more 
layers by the non-magnetic layer of the thickness of for example, Inm or more 20nm or less extent. Although a 
comparatively strong magnetic anisotropy is required for this thin film magnetic head t in order to stabilize in 



http://v^nrtw4Jpdl.ncipi.go.jp/cgi-bin/tran_web_cgi_^^ 



2006/06/05 



JP.1 1-31 691 0,A [DETAILED DESCRIPTION] 



4/6 ^— V 



magnetic-domain structure since the lay length LI parallel to the medium sl.d.ng d.recf on A of upper core 8^s 

set up more narrowly than the usual magnetic head By dividing the upper core 8 .n the thickness d-rect^" by the 

non-magnetic layer of the thickness of for example. 1 nm or more 20nm or less exterrt. between each divided 

magnetic layer, a magnetic interaction arises and stabilization of magnetic-domain structure b« attamed hi 

addition, as an ingredient of a non-magnetic layer used here, metal membranes, such as Cu. Ti. Cr. and Pt are 

bufficient. and the ceramic of aluminum 203. Si02 and Ti02. and Si3N4 grade is sufficient. 

[0036] The 2nd insulator layer 9 is for aiming at the electric insulation with the "PP«; -'■f.^ .^^^^ 

for coils, as the ingredient like the 1st insulator layer 4. it is chemically [ aluminum 203. Si02 and Ti02. and Si3N4 

grade ] stable, and what has a good insulating property is used. ... ^. ., 

5^37] the conductor pattern of two or more articles with which the 2nd thin film 10 for coils consists of elocjncal 
conducting materials, such as Cu. like the 1st thin film 5 for coils - predetermined spacing - consisting -- the 
medium sTd^ direction A and abbreviation - it comes to carry out thin film formation in the parallel ^-^o- An6 
!he boti>-ends 10a is connected to boti^ends 5a to which the 1st thin film 5 for coils upheaved through the 1st 
^sulator laCe? 4 thi^ough tfie 2nd connection hole 1 2 formed so that ti,e gap film 7 and the flattening film 6 might be 
divlJTanTtlie cLuftor pattern of two or more articles of tiie 2nd thin film 10 for coils constitutes the scr^w 

type-like thin film coil witii the 1 st thin film 5 for coils. ^ , *u- a o«:i » rl»«irahle to set tiie 

[0038] In addition, the width of face W1 is 2 micrometers or less. and. as for a thin film coil, rt is desirable to set tiie 
Sess TI to 05 micrometers or more 2 micrometers or less. The thin film magnetic head 1 can conti^l ti^e 
increment in coil resistance by setting widtt, of face W1 of a ti,in film coil to 2 micrometers or less, and setting 
ttiickness TI of a ttiin film coil to 0.5 micrometers or more 2 micrometers or less in tiiis way. 
[0039] Since ihe upper core 8 is formed on tiie field by which flattening was earned out witii tiie ^f^^'^J^ 
and h gh specific resistance, the amorphous ingredient of high satiiration magnetic flux densrty. or a microcrystal 
^^erfJrrt is used as an ingredient of tiie upper core 8. tiie tiiin film magnetic head 1 constituted -e"t,on«d 
TboJe can demonstrate outstanding record reproducing characteristics as tiie magnetic head used for high densrty 
and the record regeneration system of a RF. .... ^ • i ^«^:^4.^«^*^ 

m040] Moreover, the miniaturization of a tiiin film coil is realized, witiiout causing tiie increment in coil resistance, 
as for tills tiiin film magnetic head 1. since tiie tfiin film coil is made into tiie shape of a screw type 
Kl] Moreover in tiiis thin film magnetic head 1. since a screw type-like tiiin film coil consists only of the 2nd thin 
Sm 5 for coJs connected to edge 5a to which the 1st thin film 5 for coils with which both-ends was fooned -n 
ST upper core 8 side by upheaving, and tt,is 1 st tiiin film 5 for coils upheaved, formation of a thin fi"^;<^f J^^^" 
[0042] Next tiie manufacture approach of tiie tiiin film magnetic head 1 concerning tiiis 
0043 In case ttie tiiin film magnetic head 1 concerning tiiis invention is manufactored as shown in drav^ng 3 
Wor dSwing^ . tiie metel magnetic film 13 which consiste of microcrystel ingredients, such as «7;;Ph--^"°y«- 
slch as C^^Sfer. and Fe-aluminum-N which added tiie 3rd element when as required for iron as nitrogen, eto is 
first foLed by spi^ring ete. on the substrate 2 which consists of a non-magnetic material of an aluminum203- 
TiC system, or a non-magnetic material of a CaO-Ti02-NiO system. ^ . ^ . , A^.i.^M 

[00441 In addrtion. it may be performed using the alloy terget adjusted so tiiat it might become a desired 
D^sentation S sputtering performed in tiie manufacture approach of ti.e tiiin film magnetic head 1 concerning 
S^fs rnveSnTrepares the i^get of each atom according to an individual, adjusts tiie area, impression outo«t. etc.. 
rnd Ts it controls a presentetion. it may perform it. Since it is decided by target P-^^"*^*'^,? ^ 
presentation will be about 1 mind when especially tiie former approach is adopted, it is suitable when mass 

[0MS]'NU°a:?ho^^^^^ drawings tiiru/or drawings . ion milling processing etc. is performed to -g'^^'^ 
film 13 on a substiate 2. a concave fabricates ** witii height 3a. and the lower layer core 3 is formed m tiie botii 
ends of tiie direction where tiiis metal magnetic film 1 3 is parallel to tiie medium sliding direction. 
5o46] Next as shown in drawing 9 tiiru/or drawing 11. . on tiie substrate 2 witi, which tiie lower ayer core 3 was 
fZed. tiie insulating mat^ri^luminum 203. Si02 and Ti02. and Si3N4 grade .s formed, and tiie 1st insulator 

&] NeS^sthown in drawing 12 ti,m/or drawing 14 . on tiie lower layer core 3. electiHcal <^°"ducting materials, 
such as CuTare formed tfirough tiie 1st insulator layer 4. and tiie 1st tiiin film 5 for coils is formed. At this time 
edge 5a of ^he 1 st tiiin film 5 for coils is made into the condition of having upheaved up. by bemg formed on height 

3a of the lower layer core 3. .. . ^ * j 4.u« »^iw^^.^^ 

[0048] Next, as shown in drawing 15 tiiru/or drawing 17 . it continues all over a substa^te and tiie polymeric 

materials 14. such as a resist are applied. . , .^.^^ „r 

[0049] Next polymeric materials 14 are ground until tiie edge by tiie side «f ^« '^/'""'^ ^'i^''^^ "J^^n^.t. Is 
laJer core 3 and height 3a are outeide exposed and edge 5a of tiie 1st tiiin film 5 for coils ,s outside exposed, as 
^^o^Z^^lJ^ru/or drawing 20 . The flattening film 6 made into tiie flat ft-ont face field by tii.s is formed. 
[S N ext as show n in drawing 21 tfiru/or drawing 23 . tiie nonmagnetic non-conductive film f "-"'"""^^OS 
^ade is fomied by sputtering etc.. and tiie gap film 7 is fondled in tiie front face of tiie flattening film 6 made into 

K^Nel?.' as shown in drawing24 tiiru/or drawingjS . tiie 1 st connection hole 1 1 for connecting to tiie lower 
[ayer core 3 tiie edge of th^e estianged fi^ medium sliding-surface la of the upper core 8 is formed so that 
tiie Lap film f and L 1st insulator layer 4 may be divided. Moreover, tiie 2nd connection hole 12 for connecting 
bo*-^ds 10a of tiie 2nd tiiin film 10 for coils to botii-ends 5a of tiie 1st tiiin film 5 for coils is formed so tiiat tiie 
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gap film 7 and the flattening film 6 may be divided. 

[0052] Next, as shown in drawing 27 thru/or drawing 29 . the metal magnetic film 1 5 which consists of microcrystal 
ingredients, such as amorphous alloys, such as Cp-Nb-Zr, and Fe-aiuminum-N which added the 3rd element when 
as required for iron as nitrogen, etc. is formed by sputtering etc. on the gap film 1 5 with which the 1 st connection 
hole 1 1 and the 2nd connection hole 12 were formed; At this time, it will fill up with the metal magnetic film 1 5 also 
.in the 1st connection hole 11 and the 2nd connection hole 12. 

[0053] Next, as shown in drawing 30 thru/or drawing 32 , ion etching processing etc, is performed to the metal 
magnetic film 1 5, and the upper core 8 of a predetermined configuration by which the edges of the side estranged 
from medium sliding-surface 1 a was connected with the lower layer core 3 is formed. At this time, the metal 
magnetic film 15 in the 2nd connection hole 12 is removed. 

[0054] Next, as shown in drawing 33 thru/or drawing 35 , on the upper core 8 formed in the predetermined 
configuration, the insulating material of aluminum 2Q3, Si02 and Ti02, and Si3N4 grade is formed, and the 2nd 
insulator layer 9 is formed. 

[0055] Next, as shown in drawing 36 thru/ or drawing 38 , on the upper core 8. electrical conducting materials, such 
as Cu, are formed through the 2nd insulator layer 9, and the 2nd thin film 1 0 for coils is formed. At this time, edge 
10a of the 2nd thin film 10 for coils is connected to edge 5a to which the 1st thin film 5 for coils upheaved through 
the 2nd connection hole 1 2. Thereby, a screw type-like thin film coil is formed and the thin film magnetic head 1 is 
completed. 

[0056] Since the upper core 8 will be formed through the gap film 7 on the field by which flattening was carried out 
with the flattening film 6 according to the manufacture approach of the thin film magnetic head 1 explained above It 
can become possible to. use high specific resistance, the amorphous ingredient of high saturation magnetic flux 
density, or a microcrystal ingredient without degradation of soft magnetic characteristics as an ingredient of the 
upper core 8; and can respond to, high density record, and the thin film magnetic head 1 which demonstrates the 
record reproducing characteristics which were excellent in the RF can be manufactured. 

[0057] Moreover, since a screw type-like thin film coil is formed only by connecting both-ends 10a of the 2nd thin 
film 10 for coils to both-ends 5a formed in the upper core 8 side of the 1st thin film 5 for coils by upheaving 
according to the manufacture approach of this thin film magnetic head 1, formation of the thin film coil of the shape 
of a screw type which realized the miniaturization becomes easy. 
[0058] 

[Example] The thin film magnetic head which actually starts this invention was manufactured that the effectiveness 
of this invention should be checked, and it evaluated about the recording characteristic. 
[0059] <Manufacture of the thin film magnetic head> The thin film magnetic head (example) concerning this 
invention was manufactured as follows first. 

[0060] The metal magnetic film of about 4 micrometers of thickness was formed using the CoNbZr amorphous alloy 
of 1 .2 teslas of saturation magnetic flux density as an ingredient of the metal magnetic film used as a lower layer 
core. And ion milling processing was performed to this metal magnetic flim, about 2.5 micrometers of metal magnetic 
films were shaved, and the lower layer core was formed. 

[0061] Between a lower layer core and the 1st thin film for coils, the 1st insulating layer with a thickness of about 
0.5 micrometers was formed using aluminum 203. Moreover, thickness formed the thin film coil so that about 1 
micrometer and width of face might be set to about 1 .5 micrometers and coil to coil distance might be set to about 
0.7 micrometers, and the number of turns was set to 1 0. Moreover, between the lower layer core and the upper 
core, the gap film with a thickness of about 0.3 micrometers was formed using aluminum 203. 
[0062] The metal magnetic film of about 1 .5 micrometers of thickness was formed using the FeAlN/NiFeZrN 
cascade screen of 1.7 teslas of saturation magnetic flux density as an ingredient of the metal magnetic flIm used as 
the upper core. FeAIN set to 15nm and NiFeZrN set the laminating period of a metal magnetic flIm to 5nm. 
Membrane formation is rf magnetron sputtering and was performed in Ar gas of 10% nitrogen addition using the 
target of Fe97aluminum3 and nickel85Fe15Zr10. And ion etching processing was performed to this metal magnetic 
film, and the upper core from which width of face is set to about 5 micrometers by the width of recording track of 
about 32 micrometers and the magnetic head, and die length is set to 1.5 micrometers was formed. 
[0063] Resist hardening performed the insulation with the upper core and the 2nd thin film for coils. Thickness was 
set to 2 micrometers although coil width of face and spacing of the 2nd thin film for coils were the same as that of 
the 1st thin film for coils. 

[0064] The thin film magnetic head (example of a comparison) using a curied form coil as shown in a comparison at 
drawing 41 was manufactured. A magnetic core is formed with a plating permalloy ingredient, and the head for a 
comparison is a thing with the width of recording track of 2 micrometers, 0.3 micrometers of gap lengths, and ten 
coiling. 

[0065] <Characterization> The over-writing property of the thin film magnetic head of an example and the over^ 
writing property of the thin film magnetic head of the example of a comparison which were manufactured as 
mentioned above first were evaluated, respectively. In measurement, it measured by carrying out over-writing record 
of the record linear velocity of lOm/s, and the 4MHz signal by 20MHz. using the hard disk of 2500 oersted coercive 
force as a record medium. A result is shown in drawing 39 . This drawing 39 shows that the thin film magnetic head 
concerning this invention shows the outstanding recording characteristic. 

[0066] Next, the RF recording characteristic of the thin film magnetic head of an example and the RF recording 
characteristic of the thin film magnetic head of the example of a comparison- which were manufactured as mentioned 
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above were evaluated, respectively. Evaluation of a high frequency reconling characteristic °" 

;;:th-rM™^^^^^^^ 

record field sufficient also by high frequency had occurred. 

r0068] Moreover the miniaturization of a thin film coil is realized without causing the increment in co.l resistance, 
film for coils ^ thin film for coils upheaved, formation of a thin film coil is easy. 

type which realized the miniaturization becomes easy. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view carrying out the cross section of the thin film magnetic head concerning this 
invention in the direction which intersects perpendiculariy with a medium sliding surface, and showing it in it. 
[Drawing 2] It is the sectional view carrying out the cross section of the above-mentioned thin film magnetic head in 
the direction parallel to a medium sliding surface, and showing it in it. 

[Drawing 3] It is drawing explaining the process which manufactures the above-mentioned thin film magnetic head, 
and is the perspective view showing the condition that the metal magnetic film was formed on the substrate! 
[Drawing 4] It is drawing explaining the process which manufactures the above-mentioned thin film maghetic Head, 
and is an Al -A2 line sectional view in drawing 3 . 

[Drawing 5] It is drawing explaining the process which manufactures the above-mentioned thin film magnetic head, 
and is a Bl-B-2 line sectional view in drawing 3 . 

[Drawing 6] It is drawing explaining the process which manufactures the above-mentioned thin film magnetic head, 
and is the perspective view showing the condition that the lower layer core was formed. 

[Drawing 7] It is drawing explaining the process which manufactures the above-mentioned thin film magnetic head, 
and is an A3-A4 line sectional view in drawing 6 . 

[Drawing 8] It is drawing explaining the process which manufactures the above-mentioned thin film magnetic head, 
and is a B3-B4 line sectional view in drawing 6 . 

[Drawing 9] It is drawing explaining the process which manufactures the above-mentioned thin film magnetic head, 
and is the perspective view showing the condition that the 1 st insulator layer was formed 

[Drawing 10] It is drawing explaining the process which manufactures the above-mentioned thin film magnetic heiad, 
and is an A5-A6 line sectional view in drawing 9 . 

[Drawing 11] It is drawing explaining the process which manufactures the above-mentioned thin film magnetic head, 
and is a B5-B6 line sectional view in dravvinig^ . 

[Drawing 12] It is drawing explaining the process which manufactures the above-mentioned thin film magnetic head, 
and is the perspective view showing the condition that the 1st thin film for coils was formed. 

[Drawing 1 3] It is drawing explaining the process which manufactures the above-mentioned thin film magnetic head, 
and is an A7-A8 line sectional view in drawing 12 . 

[Drawing 14] It is drawing explaining the process which manufactures the above-mentioned thin film magnetic head, 
and is a B7-B8 line sectional view in drawing 12 . 

[ Drawing 1 5] It is drawing explaining the process which manufactures the above-mentioned thin film magnetic head, 
and is the perspective view showing the condition that polymeric materials were applied. 

[Drawing 1 6] It is drawing explaining the process which manufactures the above-mentioned thin film magnetic head, 
and is an A9-A10 line sectional view in drawing 15 . 

[Drawing 1 7] It is drawing explaining the process which manufactures the above-mentioned thin film magnetic head, 
and is a B9-B10 line sectional view in drawing 15 . 

[Drawing 1 8] It is drawing explaining the process which manufactures the above-mentioned thin film magnetic head, 
and is the perspective view showing the condition that the flattening film was formed. 

[Drawing 1 9] It is drawing explaining the process which manufactures the above-mentioned thin film magnetic head, 
and is an Al 1-A12 line sectional view in drawi ng 18 . 

[Drawing 20] It is drawing explaining the process which manufactures the above-mentioned thin film magnetic head, 
and is a B1 1-B12 line sectional view in drawing 18 . 

[Drawing 21] It is drawing explaining the process which manufactures the above-mentioned thin film magnetic head, 
and is the perspective view showing the condition that the gap film was formed. 

[Drawing 22] It is drawing explaining the process which manufactures the above-mentioned thin film magnetic head, 
and is an A13-A14 line sectional view in drawing 21 . 

[BLrajwing_23] It is drawing explaining the process which manufactures the above-mentioned thin film magnetic head, 
and is a B13-B14 line sectional view in drawing 21 . 

[Drawing 24] It is drawing explaining the process which manufactures the above-mentioned thin film magnetic head, 
and is the perspective view showing the condition that the 1 st and 2nd connection holes were formed. 
[Drawing 25] It is drawing explaining the process which manufactures the above-mentioned thin film magnetic head, 
and is an A15-A16 line sectional view in drawing 24 . 

[Drawing 26] It is drawing explaining the process which manufactures the above-mentioned thin film magnetic head. 



http:/ / www4.ipdl.ncipi.go.jp/ cgi-bin/tran_web_cgLejj.e 



2006/06/05 



JP.11-316910A [DESCRIPTION OF DRAWINGS] 



^^^^ tne .^.^r^^^on.. t.. .a^e«c Head. 

SifislS^piJspective vL showing the condition that the metal „,^etic head. 

rDrawing28] It is drawing explaining the process which manufactures the above mentioned tnin mm gn 

film magnetic head using a curled form coil, and showing it. 

frn'R^MlJi^STad. 2 Substrate. 3 Lower Layer Core. 3a Height. 5 1st Thin Film for Coils. 5a Edge. 6 
Flattening Film. 8 The Upper Core. 10 2nd Thin Film for Coils 
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[0 04 3] i^%m\z%^nmmm.^v v- 1 ^^sis-rs 

ISti, $-r, 03 75S05lc^TJ;3tc, AI2O3-T 

I c^<otmmiPi'^c siO-T i 02-N i o3fi®# 

m^iap,i:K)fs.^mw.2 ±.\Z. Co-Nb-Z ri|CO#p 
SK-^^^, lfttcS^t'iJ.S;S:6.«m3 7C*$r»Jnbfc 

F e - A 1 -nmnw&^M^miiryis.^'^wm^m 1 

[0 04 4] /^43, H 1 

[0 0 4 5] 0 6 TiSa 8 tc^f J; 3 tc. S«2 
sn, ^iroifelPUKttlSi 3*tjK«i:iSII!l*l6]t^fT;/S::&f^ 

<Dmmz^f&w>3 si^m-t^^mmz^T^-^ixx. tm 

[0 0 4 6] ':k\Z. SSTIiSSl HC^f-t^tC. Tg 
3T3*t}g«$n;fcS«2Jilt, AI2O3, Si02, 

T 1 02, s iii^i^<Dfmmm'^msk^n. miwite 

[0 0 4 71 •^\Z. 01 275M01 4C*TJ;3tC, T 
gnT3±tcmi <OilS&IS 4 UT C u 

d«j«K:^n, mi W3'f;i/ffl»^5*sj^^$ns, 

mi(D3-f;Uffl»IK5©^g55 at±, T^373 

[0 0 4 8] mz. 01 57I»M01 7tC5^f S 

[0 0 49] 018 7iS0 2 0 {Ctr-T J: o \Z. T 

» a T 3 «^f*:Ji»®{B!l©)^gl5St^5§e^ 3 a 
gaib, mi«)3'f;i'ffl»K5WSggP5 a*^^1.S5 

jcfliaiT-5*-c, ie5H^«*H4j!)twssns. ^injc 

[0 0 5 0] ^{C, 02 17IrM02 'i\Z^-r^o\Z. y 
y V h;a:Bt Snfc¥fi{klK 6 ©«B»C, A 1 203^0 

[0 0 5 1] -4k\Z. 02 475S02 6{C^f J:3IC, ± 
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It §B¥1 1-316910 



n T 3 tcg^SST-5fc*<0^ 1 (D^mH 1 1 ^ A- -y 

)^7L 1 2 At. ^-v 7 mwm 6 s»»r-r?. J; 

[0 0 5 2] ;^tc. @2 7 71>S0 2 9tC7nTJ::JlC, ^ 

1 (Dmmn 1 1 :&t^^ 2 (Dmim. 1 2 a^^^s nfc^ \ 

yZrniS JitC, C o -N b - Z r ^(D#PSS^^-^> 

mz^m h^-mfs. e «^ 3 5c* sr^w f « - 1 ~ 

[0 0 5 3] ms onmm3 2\z7s<rj^o\z. ^ 
jK^jswiBi a*^e>f!iraufcffl®^S5*n^B=>7 3 

(Dt^. ^2(DgEli^ai 2rt©^»«Si4lKl 5«l**2 
[0 0 5 4] ^ir. 03 3 75M03 5JC7p-rJ:5t^> 

^mmzm^-^nrz±m-:i7 8 ±iz. a 1 2O3, s i o 
2, Ti02, s unim<Dmmm-^mm.-sn. %2<r> 

[0 0 5 5] 'K\Z. 03 6 7!;M03 8(r7i^Ti:-5lC, ± 
g 3 T 8 _h{cm 2 CD^eigtl^ 9 =fe^M.T C u ^Oaim^^ 

ifi^m^n. ^2cDzi'fJWffl»Ki o*tj^^sns. 

05 ^2 0D3-f;Vffl»Kl 0(Dffl?»l 0 ^2 

[0 0 5 6] vj.±Mm\.f=Mmm.%--v y i 

[0 0 5 7] rcDP^a^'^^y H 1 <DKB*»«- 

TJ^J^cSnfcM««5atC^2<Dn'f;Vffl»l»l 0«il 

[0 0 5 81 



[0 0 5 9] HroSiS) *-r, 

[0 0 6 0] T^aTt)5:^^Ri«Sft^<^«**^^'^^ 

^fiSttK&2. 5/img«fJ0i^.^. T«=iTSr}g«b 

[0 0 6 1] TS3Ttml«='1'>'^ffl^'^P^^'-'*' ^ 
liOs^fflV^TlPSi^O. 5/ini(D®lC0^1&J^fiK 

15 Mm, ^'f^vraiBAtil&O. 1 iimhU^^o\z.l^ 

t(Dfi[\Z\i. Al2O3SfflV^TJ?S*5 0. 3um(»^^ 

[0 0 6 21 ±Ii3Tt/i^^S^ttK»«f4tbT, 
«afaiS*«Kl. 77^X^«FeAlN/NlFeZr 

bfc. ^Rfilttl^©a^ra»l«> F e A 1 N*t 1 5 n 
tn, N 1 Fe Z rN*t5nmtU:rc<. ^^ttr f "^i^^ 
V.'n>X/Vy^-C, Fe97A13i:Ni85Fel5 
Z r 1 oo^-y-y h*ffl<'^'Cl O'^^^^*"®^''^ 

X-y5^>yttlX*SSb, i|ii*ti^5Mm. :gS*t*^3 2»t 
[0 0 6 3] ±)l3yi:^2C0a'f;Wffl»lKfc»^^li 

tt2 umtUfc. 
[0 0 641 VcMtm \zmA\ (r^-r J: fsM^^^<D^ 

^mO^y Htt^.y=^^/^--7D'f**»T«^3T*«J^fiK 
Sn, b7-y^'1i2 Mm, ^V'y:/fiO. 3tfm, 3-f 

[0 0 6 51 <#ttff«> £A±©J:5Cilj§2n 

m<Dm^m.--v HcD^-A-^-f h^ttt^^n^n 

ff«UfCo SSStCtt, «fta;>j2 5 0 0XJl.X7-<y HCDA 
/s, 4MHz©«^*2 0MHzT^-A'-9'f 

[0 0 6 61 ;5<:tc, K±w<i;^i'iai^^*^^-*»^^<^* 
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7 K-y 



iimmm^^-y \^m<D7.^—>'>if^ 5 0 nm-cmMv 

[0 0 6 7] 

[0 0 6 8] Sfc, ;i©^Ka^^>y Htt, ^IK^-f;!. 
[0 0 6 9] ;::<D»Kem'\-y Ktc*5tiTtt, 

[0 0 7 0] Sfc. F<DMjg 

[00 7 1] Sfc, ^KDSfKfiS^'v-y HcDSig^r^tciJ; 
[0®<Dffi^^i$i?q] 

[01] *^5gtc^^Sjiii^isa^'N>y \^^mi^mmmtm. 

[0 2] ±i2»ISfi$m'\>y h*Sr!K(*:JS»®tsFff^:&lRl 

[0 3 ] ±^»K®^'\-y K ^^mr^T.u^m.mr^ 

0TJ&O. »«±»C^JRfi8ttS8*«fiKISSn:/5:<«JI&*T 

[04] ±w.mmm^^y ]^t:&&r^j:mi^mT^ 
[0 5] ±i2»M«^'s>y KSiSjt-r*xe$siw-rs 

0-C*O, 03{C*3ftSB 1 -B 2^»i®0-CSS„ 

[0 6]-lia«iigea^'\-y H*gug-r^ie*itt?«t-s 
0-e*D> TS3 7*tj^^sn;tttSi*^Ti^«0-e* 



[0 7] jifB^^m^^-y HSr®jg-r5xe^si?^-rs 

0TibO> 06tC*5lt'5A3-A4^»f®0-Ua&-5, 
0T*.D, 06{r*5tt^B 3-B4||l|»f®0-eS.^. 

[0 9] ±tmmm%^y \^^mm'r^x^^m.m-r^ 
[010] ±fa»)mjs^'\-y KsssjgT^xe!&iJi?«-r 

•50TfeD> 0 9tCi5lt^A5-A6^»r®07?a5-5. 

[011] ±fa»^ei^'s-y H€rSjg-r^xe*iftiq-r 

■501?*O> 09(C*tt-5B5-B6iK»fffl0-e*S. 
[012] ±fa»Mfi5M^-y K*©jt-r^XSSrgi?«T 
S0-C*D, ^ICDa-i-^PffljSKd^J^fiK^Etlfc^Rffi^&TP 

-r^0T*s. 

[013] ±IBI*l^^^-:y H*8ljiTSXg?&ilig-r 
■S0TSO, 01 2t;:*ttSA7-A8i!a»rB0-Cfe 

-5. 

[014] Jita»i^a^^-y H^sjtT-&xe*gii^-r 

S0-CfeO. 01 2^C:fe^t5B7-B8ill»fffi0^?fe 
[015] JiSSMmm'N';/ HSrMjST-5XeS:iJi?IT 

-50t?*o, «^i-^«m^^*snfc«ffi*^-ri^0 
[016] ±mmmmm.^'y ]^^mmT^jL.m^^m'r 

•50-C*O. 01 5tC:feVt-5A9-Al O||»rB0T?* 
-5. 

[017] ±mmfsmfs.^y y^^nmr^x.m^mm't 

50-C* 0,015 (C:fett-5 B 9 - B 1 0 ilS»r®0-C* 
•5. 

[018] ±ia»iig«^'^-y H*iSjgTsxie&itt?3-r 
[019] JiiasMfis^'s^/ h'^^siS-r-sx^esrUii^-r 

-S0-ra6?)> 01 8»C*lt«>Al l-Al 2*g»rM0-C 

[02 0] JifBi»K«^'^-v FSrMjS-rSXgSrUil^-r 
^0T'a&O> 01 8lC:fett-5B 1 1 -B 1 2^»rS0-C 

[02 1] Jifei?inia»^-v K^£SjS-r^xg$:iJi?^-r 
[02 2] ±mmm&%^y H*sji-r5xe&itt?«-r 

S0-e*»3. 02 ItC^ttSAl 3-Al 4iK»r®0Tf 

[02 3] JiSaSilKK^^^;/ F^KigTSXS^UlBJT 
^0-C*D. 02 l{C*5itSB 1 3-B 1 4jRWfMaT 

[0 2 41 HSSSifiTSXeSrUiWr 
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[02 5] ±Bmmm%--y H=£r8JiST?.xeS:|ji^-r 
^mX'$>*)^ 02 4lC:feVtSA15-A16«g»fffi0T? 

[02 61 ±ia»l«a^'^-v H^Siti-^XSSrlttWT 
[0 2 71 ±:|B»l^«8«'s-yH?:Sajfr^Xg*mB^-r 

H28I ±|E»lSl8»'^^vH«KaT5X@5rl5iBJT 
;50-e*O. 02 7t43lt2.A17-A18SS»rSB0t: 

[0 2 9 1 iESI^isa'^^y H&Silt-sxSSSiW-r 
;50-C*O> 02 7Jt43Vt^B17-B18ta»riBEIt? 

*[03oi jiE»KJS^'^-vH&iaig-rsxgsittw-r 
S0TS5O, ±g3TA«snfc<Rss=£a%-r«^0-^ 

[0°3 1 1 ±.?mmm%^y H^Kia-r^xgsrSft?^^ 

?.0-CfeD, 03OCfett^A19-A2O«BrlB0-e 

*[03 21 ±fs»Ka»'s>y Hs»ja-r^xe*ift?BT 

;g,0T»O. 03OlC*iltSB19-B2Ofil»flS0-l? 

[0*3 3] ±iESPi^?K»'s-v H*saBT^x@*ift?^-r 

[gill 



50-C&O, 03 3lCi3lt^A2 1-A2 2SailfrMt? 

*[03 51 ^m»mm%^y HssaiSf^xsssiwr 

;50t?*r), 03 3JC^3ttSB2 1-B2 2^»riS0T! 

I03 61 jifB»i«a^'^>^ HS«BT2.xs&5Wir 
^[1^71 ±ia^ism«'N-:/H«:saBT^xes:ift?gT 

2,0-T?*O, 03 6lC:feVt*A2 3-A2 4«6»r®0-^ 

*03 81 ±.tmmm%-sy H^ssig-r^xe^iaw-r 

;50r*D, 03 6lC*W2.B2 3-B2 40»fB@T? 

[03 91 ±ummm%^y bittt^ 

[04 01 Jifa?Sl^iiS^'\>> 

^[04^1 ^a^^^^on-f ;i'£ffl<'>fci»i^fiS^'^^^ 
[iRF^coiJiWl 

1 SI^^'^^vH. 2 3 T»3T. 3 a 

8 ±^:37, 10 ^2<D:2-()Vmnm 



[021 




9 8 4 




[041 



[051 



[071 
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[03] 



[06] 



[08] 




[011] 



[09] 



[01 0] 



3 4 





H9c«i»6 B 5 - B efuKsaa 



B9lcaS>t«A5-A 



[013] 



3a 




5a 5 3 5a 

^^^^^^ 



3e 




^4 

2 




EB1 2Ca(t$B7-B 



. Y////////A 




[015] 



II 91 



3 3 a 5 a 6 5 5 6 3 



HI 5ICa5lteB9-B1 



[02 0] 
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2 5] 



12 31 




H21C:SttSBl 3-B1 




12 91 





[02 71 



ia27ca**sAi 7-Ai BMira 




H36CaSMA23-A2^ 



Ba27Ca»«B17-Bl 
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